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57] ABSTRACT

The present invention provides a system which calculates
vehicle speeds from distance pulses utilizing vehicle accel-
eration. More particularly, the present invention calculates
vehicle speed through a system comprising a speed input
task and a speed output task. The speed 1nput task generates
a speed value and an acceleration value from a pulse train
delivered by a distance sensor or electronic transmission.
The acceleration, deceleration or steady state of the motor
vehicle 1s determined in the input task through use of the
distance sensor tolerance. The output task drives the speed-
ometer according to the new speed value from the 1nput task
if a new speed value has been generated since the last
execution of the output task. If no new speed value has been
ogenerated since the last execution of the output task, the
output task drives the speedometer according to the accel-
eration value. Thus, the output task 1s executed periodically
regardless of the sequence of pulses received in the input
task.

28 Claims, 3 Drawing Sheets
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SPEED CALCULATION DERIVED FROM
DISTANCE PULSES UTILIZING
ACCELERATION

BACKGROUND OF THE INVENTION

1. Technical Field

This mvention generally relates to a system for determin-
ing the speed of a motor vehicle. More particularly, the
present 1nvention relates to a system for calculating the
speed of a motor vehicle from distance pulses utilizing
acceleration.

2. Discussion

It 1s generally known 1 the automobile art that distances
travelled and speeds obtained are determinable through
interpretation of distance signals consisting of a series of
distance pulses. Generally, a pulse generator 1s configured to
generate a predetermined sequence of pulses, comprising a
pulse train, corresponding to vehicle speed or distance
travelled. The pulse train 1s interpreted 1n a controller and a

value representing vehicle speed or distance travelled 1s
calculated.

Distance sensors are commonly employed for generating,
such pulse trains and are usually factored to generate 8000
pulses per mile of vehicle travel or 8 pulses per distance
sensor driving member revolution which roughly corre-
sponds to wheel rotation. More recently, electronic trans-
missions have been substituted for mechanical transmis-
sions. The electronic transmissions generate pulses
mimicking the distance sensors by sensing vehicle speeds
and generating a pulse train accordingly.

Distance sensors and electronic transmissions are
adequate for fairly accurately incrementing motor vehicle
odometers and for engine control operations. However, due
to frequently inconsistent spacing between subsequent
pulses along the pulse train, speed calculations based solely
on pulse trains from distance sensors are crude, 1naccurate,
and unreliable. Distance sensors often generate pulses along
a pulse train at different lengths from each other even though
the vehicle 1s travelling at a constant speed. Thus, systems
calculating speed with distance sensors or electronic trans-
missions require a controller to be implemented to 1mprove
system accuracy.

Generally, the controller roughly estimates vehicle veloc-
ity at speeds below a predetermined level, such as twenty
miles per hour. At speeds 1n excess of the predetermined
level, the spacing between pulses along the pulse train from
the distance sensor or electronic transmission have become
more frequent and permit more accurate speed calculations.

However, the signal generated by these systems 1s choppy
and requires smoothing prior to driving the speedometer. A
body controller 1s often required for smoothing the signal so
that a smooth speedometer display 1s achieved. However, by
adding smoothing or filtering, the system does not respond
to changes 1n vehicle speed very well. Under extreme
acceleration or deceleration conditions, the speedometer
lags behind the true vehicle speed. Also, shifting 1s difficult
to control when the calculated speed lags behind the true
vehicle speed.

Additionally, none of the prior art systems accurately
account for changes 1n vehicle velocity when computing
vehicle speed. Acceleration or deceleration 1s accounted for
merely by averaging a series of speed calculations together
and attempting to distinguish between accelerating and
decelerating states. Therefore, speed estimates overshoot
and undershoot true vehicle speed.
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Therefore, 1t 1s desirable to provide a system for calcu-
lating motor vehicle speed by accurately compensating for
vehicle acceleration and deceleration to minimize speedom-
cter lag. It 1s also desirable to provide a system for calcu-
lating motor vehicle speed which utilizes system tolerance
for determining the acceleration, deceleration or steady state
of the vehicle. It is further desirable to eliminate the smooth-
ing step from the system and to provide a speed signal more
quickly, smoothly and accurately than according to the prior
art.

SUMMARY OF THE INVENTION

The above and other objects are provided by a system
which calculates vehicle speeds from distance pulses utiliz-
ing vehicle acceleration. More particularly, the present
invention calculates vehicle speed through a system com-
prising a speed mput task and a speed output task. The speed
input task generates a speed value and an acceleration value
from a pulse train delivered by a distance sensor or elec-
tronic transmission. The acceleration, deceleration or steady
state of the motor vehicle 1s determined 1n the input task
through use of the distance sensor tolerance. The output task
drives the speedometer according to the new speed value
from the input task 1f a new speed value has been generated
since the last execution of the output task. If no new speed
value has been generated since the last execution of the
output task, the output task drives the speedometer accord-
ing to the acceleration value. Thus, the output task 1is
executed periodically regardless of the sequence of pulses
received 1n the mput task.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to appreciate the manner in which the advantages
and objects of the mvention are obtained, a more particular
description of the mvention will be rendered by reference to
specific embodiments thereof which are illustrated in the
appended drawings. Understanding that these drawings only
depict preferred embodiments of the present invention and
are not therefore to be considered limiting in scope, the
invention will be described and explained with additional
specificity and detail through the use of the accompanying
drawings 1n which:

FIG. 1 1s a block diagram of a system for calculating
vehicle speed from distance pulses utilizing acceleration
according to the present 1nvention.

FIG. 2 1s a schematic view of a pulse train having multiple
pulse 1nputs thereon.

FIG. 3 1s a flow chart depicting the 1nput task methodol-
ogy of a system for calculating vehicle speed from distance
pulses utilizing acceleration according to the present imnven-
fion.

FIG. 4 1s a flow chart of an output task methodology for
driving a speedometer according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1, a system for calculating vehicle speed
from distance pulses utilizing acceleration according to the
present mvention 1s shown generally at 1. Generally, motor
vehicles are equipped with a device for generating distance
pulses corresponding to the distance the vehicle has trav-
clled or the speed at which the vehicle is travelling. For
instance, a distance sensor 1s often employed to generate
8000 pulses per mile travelled or 8 pulses per sensor driving
unit revolution. Alternatively, an electronic transmission 1s
employed to mimic the distance sensor.
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The pulse trains generated by these devices have been
found adequate for driving odometers and for most engine
control operations. However, they have been deemed unre-
liable for driving vehicle speedometers and shifting during
extreme accelerations. According to the present invention, a
speedometer 1s driven to accurately indicate true vehicle
speed without substantial lag between computation and
display and without additional controllers or smoothing.
Thus, a system 1s provided requiring fewer components and
providing speed calculations more quickly and accurately
than according to the prior art.

Still referring to FIG. 1, a distance sensor 10 electroni-
cally communicates with a controller 12 (in phantom) and
delivers thereto a pulse train 14 including pulses 16. The
pulses 16 comprising the pulse train 14 are spaced apart by
distances 18 corresponding to the different speeds obtained
or distances travelled by the vehicle. By measuring the
distances 18 between the pulses 16, the speed of the vehicle
or the distance the vehicle has travelled can be determined.
It should be noted that various controllers are acceptable for
measuring the time between pulses or determining the speed
or distance, but the preferred system 1s 1mplemented 1n an
engine controller.

Within the controller 12, the system 1 performs a speed
input task 20 and a speed output task 22. At the block 24, the
speed 1nput task 20 1s shown. The speed mput task 20
calculates a new vehicle speed and a new vehicle accelera-
tfion each time a pulse 16 1s recerved within the controller 12.
As will be described 1n greater detail below, to accomplish
this, the speed input task 20 compares subsequent distances
18 between pulses 16 and utilizes the known tolerance of the
distance sensor 10 to determine the acceleration,
deceleration, or steady state of the vehicle.

At the block 26, the speed output task 22 1s shown. The
speed output task 22 1s executed periodically at a fixed
output rate mmdependently of the input task 20. Thus, the
output task 22 1s executed regardless of the reception of a
distance pulse 16 by the 1input task 20. In this way, a smooth
speedometer display 1s ensured.

If a distance pulse 16 has been received by the mput task
20 since the last execution of the speed output task 22, the
new speed value 1s used to calculate the new vehicle speed.
On the other hand, if a speed input pulse 16 has not been
received since the last execution of the output task 22, the
acceleration value calculated 1n the speed input task 20 1s
used to calculate the new vehicle speed. In either case, the
speed output task 22 generates a value corresponding to the
speed of the motor vehicle and drives the speedometer
accordingly.

Referring now to FIG. 2, a pulse train 1s shown generally
at 28. The pulse train 28 1s generated and delivered by a
pulse generator 30 to the engine controller 12. The pulse
ogenerator 30 may comprise a distance sensor, electronic
transmission, or another controller. The spacing 18 between
the pulses 16 corresponds to the speed obtained or distance
travelled by the motor vehicle. As the speed of the vehicle
changes, the distances 18 between the pulses 16 vary.

Therefore, 1f the vehicle 1s 1n a steady state, a pulse 30 1s
ogenerated and the current distance 32 1s essentially equal to
the previous distance 18. However, if the vehicle 1is
decelerating, a pulse 34 1s generated and the current distance
36 between the pulse 16 and the pulse 34 1s greater than the
previous distance 18. Also, if the vehicle 1s accelerating, a
pulse 38 1s generated and the current distance 40 between the
pulse 16 and the pulse 38 1s less than the previous distance

18.
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By comparing subsequent distances between pulses, the
system 1 determines the vehicle speed and compensates for
the acceleration, deceleration, or steady state of the vehicle.
This 1s accomplished by detecting and saving the time
between subsequent pulses and comparing them. Generally,
the previous time 42 between pulses 1s detected and saved
and 1s then compared to the current time 44 between pulses.

The system 1 utilizes the tolerance 46 of the pulse
generator 30 for determining the accelerating, decelerating
or steady state of the vehicle. Only pulses falling outside of
the tolerance band 46 are utilized as acceleration or decel-
eration pulses. If a pulse 1s received within the tolerance
band 46 of the system 1, 1t 1s assumed that the vehicle 1s 1n
a moderately steady state. An acceleration or deceleration
state 1s only satisfied when a pulse 1s received outside of the
tolerance band 46.

If a pulse 1s received within the tolerance band 46, 1t 1s
utilized 1n calculating a new vehicle speed by averaging it
into the old speed value. However, since the pulse 1s within
the tolerance band 46, the new speed value 1s not multiplied
by a relatively large factor in the calculation. On the other
hand, 1f a pulse 1s received outside of the tolerance band 46,
it 1s multiplied by a relatively large factor and averaged with
the old speed value to calculate a new vehicle speed. Thus,
the tolerance 46 of the distance sensor 10 1s accounted for
cach time a pulse 1s received.

Therefore, 1f the current time 44 plus the system error 48
1s less than the previous time 42, the vehicle 1s m an
accelerating state. However, if the current time 44 less the
system error 48 1s greater than the previous time 42, the
vehicle 1s 1n a decelerating state. Finally, 1f the vehicle 1s not
in an accelerating or decelerating state, the current time 44
plus or minus the system error 1s considered essentially
equal to the previous time 42 and the vehicle 1s assumed to
be 1n a moderately steady state. It should be appreciated that

the maximum error 48 of the system 1 1s equal to half of the
distance sensor tolerance 46.

Turning now to FIG. 3, a control methodology 50 for the
mput task 20 of the present invention 1s shown 1n greater
detail. The methodology 50 enters through an initiator 52 on
an edge of the mnput pulse 16. From the initiator 52, the
methodology 50 continues to a process block 54, where a
vehicle velocity 1s calculated based on the current time 44.
As noted above, the current time 44 corresponds to the
distance between the last two 1nput pulses 16 received.

From the process block 54, the methodology 50 continues
to a decision block 56, where the current time 44 1s com-
pared to the previous time 42 to determine if the vehicle 1s
in an accelerating state. If the current time 44 plus the system
crror 48 1s less than the previous time 42, the vehicle is
accelerating. Accordingly, the methodology 50 advances to
a process block 38 for further processing. However, if the
current time 44 plus the system error 48 1s greater than the
previous time 42, the vehicle 1s not accelerating. Thus, the
methodology 50 advances to a decision block 60.

In the process block 38, the acceleration of the vehicle 1s
calculated. This 1s accomplished by dividing a time to
velocity conversion constant based on 8,000 pulses mile, by
the previous time 42 less the total of the current time 44 and
the system error 48. The result 1s a value equal to the change
in vehicle velocity over the current time 44.

From the process block 58 the methodology 50 continues
to a process block 62 where the change i1n velocity 1is
calculated per speed update loop time. The speed update
loop time 1s equivalent to the time period when the speed
output task 1s executed. The new speed value 1s calculated
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cach update loop time so that the calculations based on
acceleration will match the speed calculations based on
pulses actually received.

Referring back to the decision block 60, the methodology
50 determines 1f the vehicle 1s in a decelerating state. This
1s accomplished by comparing a time including the current
time 44 less the system error 48 to the previous time 42. If
the time 1ncluding the current time 44 less the system error
48 1s greater than the previous time 42, the methodology 50
advances to a process block 64 where the negative
acceleration, or deceleration, of the vehicle 1s calculated.

At the process block 64, the deceleration of the vehicle 1s
determined by dividing a time to velocity conversion con-
stant based on the 8,000 pulses per mile by the previous time
42 less the total of the current time 44 and the system error
48. The result 1s a value equal to the change 1 vehicle speed
or deceleration. From the process block 64, the methodology
50 continues to the process block 62 where the change in
velocity 1s calculated per speed update loop time as dis-
cussed 1n greater detail above.

From the process block 62, the methodology 50 advances
to a process block 66, where a new speed 1s calculated. In
this section of the methodology 50, 1t 1s known that a pulse
was receiwved 1n the iput task 20 outside of the tolerance
band 46. Therefore, the vehicle 1s in an accelerating or
decelerating state.

Accordingly, the current velocity value 1s multiplied by a
factor 1n the calculation of a new vehicle speed. It should be
noted that the amount by which each value 1s multiplied 1s
calibratable according to the particular system 1n which the
present 1nvention 1s implemented. However, 1t 1s preferable
that the new velocity 1s calculated 1 this section of the
methodology 50 by averaging the current velocity and the
old velocity together giving both equal weight or 50%
calculation influence. This 1s accomplished by adding the
old velocity to the new velocity and dividing the total by
two. The result 1s the new speed value. From the process
block 66, the methodology 50 continues to the connector 68
and continues to the terminator 70.

Referring again to the decision block 60, if the time
including the current time 44 less the system error 48 1s less
than the previous time 42, the methodology S50 advances
from the decision block 60 to the process block 72. In this
section of the methodology 50, 1t 1s known that a pulse was
received 1n the mput task 20 within the tolerance range 46.
Therefore, the vehicle 1s in a moderately steady state.
Accordingly, the methodology 50 assumes that the change in
velocity 1s equal to zero.

From the process block 72, the methodology 50 continues
to the process block 74 where the new vehicle speed 1is
calculated. Since the methodology 1n this section 1s operat-
ing within an error range, the new speed value 1s calculated
in the process block 74 by not multiplying the current
velocity with as great a factor as 1n the process block 66.
Preferably, the new velocity 1s calculated by multiplying the
old velocity by a calibrated value such as seven, adding the
current velocity thereto and dividing the total by the cali-
brated value plus one, such as eight. In this way, the old
velocity 1s given greater influence 1n the calculation then the
current velocity and the potential for false speed values 1s
reduced. From the process block 74, the methodology 50
continues to a connector 68, and advances to the terminator

70.

Referring now to FIG. 4, a speed update control meth-
odology 76 of the output task 22 of the present invention 1s
shown 1n greater detail. The speed update control method-
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6

ology 76 1s executed by entering through an initiator 78
every speed update loop time. This time 1s set to a prede-
termined value according to overall system requirements.
However, 1t 1s preferable that the speed update control
methodology 76 be executed once every 50 ms.

From the imitiator 78, the methodology 76 continues to a
decision block 80, where the system 1 determines if a pulse
has been received since the last execution of the speed
update control loop methodology 76. If a pulse has been
recerved at the decision block 80 since the last execution of
the control loop, the methodology 76 advances to a connec-
tor 82, and continues to a terminator 84 pending return
through the mitiator 78 at the next speed update loop time.
However, 1if a pulse has not been received since the last
execution of the control loop, the methodology 76 advances
to a decision block 86 where the vehicle acceleration state 1s
determined.

To accomplish this, the time since the occurrence of the
last pulse 1s compared to a time including the previous time
42 plus the system error 48. If the time since the last pulse
1s less than the time including the previous time 42 plus the
system error 48, the methodology 76 advances to a connec-
tor 88 and continues to a process block 90 where a new
vehicle velocity 1s determined. If the time since the last pulse
1s greater than the time including the previous time 42 plus
the system error 48, the methodology 76 advances to a
process block 92 for further calculations.

In the process block 92, a pulse 34 1s assumed to have
occurred at the present time. Therefore, a current time 44 1s
determined, and a new vehicle deceleration value 1s calcu-
lated. It should be appreciated that the new deceleration
value 1s calculated 1n the same manner as described above
with reference to process block 64. From the process block
92, the methodology 76 continues to a decision block 94,
where the new vehicle deceleration 1s compared to the total
of the old deceleration plus a calibrated tolerance greater
than that required by the value 46. If the absolute value of
the new deceleration 1s less than the absolute value of the
total of the old deceleration plus the calibrated tolerance, the
methodology 76 advances to the connector 88 where 1t
continues to the process block 90 to calculate the new
vehicle velocity.

However, if the absolute value of the new deceleration 1s
orcater than the absolute value of the total of the old
deceleration plus the calibrated tolerance, the methodology
advances to a process block 96 where a new change 1n
velocity per speed update loop time 1s calculated. It should
be appreciated that the new change 1n velocity 1s calculated
in the same manner as described above with reference to the
process block 62. From the process block 96, the method-
ology 76 continues to the process block 90 where a new
vehicle velocity 1s calculated. From the process block 90, the
methodology 76 continues to the connector 82 and to the
terminator 84.

According to the above, when the vehicle comes to a stop,
a subsequent pulse may not be received 1n the mput task 20
for an extremely prolonged period of time. In this case, the
distance between pulses 1s so great that 1t indicates the
vehicle has completely or almost stopped. The new decel-
eration value 1s then calculated based on the current time and
the previous time 42 between pulses. A new speed value,
based on the deceleration, 1s calculated every loop time 1n
the output task 22.

Thus, it can be appreciated from the foregoing that the
present mvention provides a system for calculating vehicle
speed from distance pulses utilizing acceleration. The sys-
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tem alleviates the need for smoothing of the signal prior to
driving the speedometer. Also, the system utilizes the toler-
ance of the distance sensor to determine the acceleration,
deceleration, or steady state of the vehicle m calculating
speed to provide increased accuracy. Thus, the speed of the
vehicle 1s calculated more quickly, accurately and simply
than according to the prior art.

Those skilled in the art can now appreciate from the
foregoing description that the broad teachings of the present
invention can be 1mplemented 1n a variety of forms.
Therefore, while this invention has been described 1n con-
nection with particular examples thereof, the true scope of
the mvention should not be so limited since other modifi-
cations will become apparent to the skilled practitioner upon
a study of the drawings, specification and following claims.

What 1s claimed 1s:

1. A method of calculating a vehicle speed of a vehicle
comprising:

generating a pulse train corresponding to a speed of said

vehicle or a distance traveled by said vehicle;

receiving said pulse train in a controller;

executing a speed mput task to determine a first speed and
a change 1 velocity of said vehicle each time a pulse
along said pulse train 1s received 1n said controller; and

periodically executing a speed output task to determine
said vehicle speed according to one of a group includ-
ing said first speed, said change 1n velocity, and an
updated deceleration;

wherein said speed mput task comprises:

determining a current vehicle velocity;

determining one of a group including an accelerating,
decelerating and steady state of said vehicle;

determining said first speed by multiplying said current
velocity by a first factor when said vehicle 1s 1n either
said accelerating or decelerating state;

determining said first speed by multiplying said current
velocity by a second factor when said vehicle 1s 1n
said steady state;

determining said change 1n velocity when said vehicle
1s 1n either said accelerating or decelerating state;

setting said change 1n velocity equal to zero when said
vehicle 1s 1n said steady state; and

communicating said first speed and said change 1n
velocity to said speed output task.

2. The method of claim 1 wherein said accelerating,
decelerating and steady states are determined according to a
tolerance of a device generating said pulse train.

3. The method of claim 1 wherein said accelerating,
decelerating and steady states are determined by comparing
a time including a current time between pulses along said
pulse train and a tolerance of a device generating said pulse
frain to a previous time between pulses.

4. The method of claim 1 wherein:

said vehicle 1s 1 said accelerating state when a current
time between pulses along said pulse train plus an error
value 1s less than a previous time between pulses;

said vehicle 1s 1n said decelerating state when a current
time between pulses less said error value 1s greater than
said previous time between pulses; and

said vehicle 1s 1n said steady state when not 1n said
accelerating state or decelerating state.
5. The method of claim 1 wherein said pulse train 1s
generated by a distance sensor.
6. The method of claim 1 wherein said speed 1nput task
and said speed output task are executed in an engine
controller.
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7. The method of claim 1 wherein said determination of
said first speed comprises:

multiplying said current velocity by a factor at least equal
to a factor multiplying a previous velocity and averag-
ing said current velocity with said previous velocity
when said vehicle 1s 1n either said accelerating or
decelerating states; and

multiplying said current velocity by a second factor less
than said factor multiplying said previous velocity and
averaging said current velocity with said previous
velocity when said vehicle 1s 1n said steady state.
8. The method of claim 1 wherein said determination of
said change 1n velocity comprises:

dividing a time to velocity conversion constant by a
previous time between pulses less a total of a current
time between pulses and an error value corresponding
to a distance sensor tolerance when said vehicle 1s 1
said accelerating state; and

dividing said time to velocity conversion constant by said
previous time less a difference of said current time and
said error value when said vehicle 1s 1n said deceler-
ating state.

9. A system for calculating vehicle speed comprising:

a pulse generator for generating a pulse train comprising
a plurality of pulses; and

a controller for receiving said pulse frain, executing a
speed 1nput task for determining a first speed and a
change 1n velocity of a vehicle each time a pulse along
said pulse train 1s received i1n said controller, and
executing a speed output task for determining said
vehicle speed based on one of a group including said
first speed, said change i1n velocity, and an updated
deceleration;

wherein said speed mput task comprises:

determining a current vehicle velocity;

determining an accelerating, decelerating or steady
state of said vehicle according to a tolerance of said
pulse generator by comparing a time including a
current time between said pulses along said pulse
train and said tolerance to a previous time between
said pulses along said pulse train;

determining said first speed by multiplying said current
velocity by a first factor, said first factor being at
least equal to a factor multiplying a previous
velocity, and averaging said current velocity with
said previous velocity if said vehicle 1s 1n either said
accelerating or decelerating state;

determining said first speed by multiplying said current
velocity by a second factor less than said factor
multiplying said previous velocity and averaging
said current velocity with said previous velocity if
said vehicle 1s 1n said steady state;

determining said change 1n velocity when said vehicle
1s 1n either said accelerating or decelerating state;

setting said change 1n velocity equal to zero when said
vehicle 1s 1in said steady state; and

communicating said first speed and said change 1n
velocity to said speed output task.

10. The system of claim 9 wherein:

said vehicle 1s 1n said accelerating state when a current
time between pulses along said pulse train plus an error
value corresponding to said tolerance of said pulse
generator 1s less than a previous time between pulses;

said vehicle 1s 1n said decelerating state when a current
time between pulses less said error value 1s greater than
said previous time between pulses; and
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said vehicle 1s 1n said steady state when not 1n said
accelerating state or decelerating state.
11. The system of claim 9 wherein said determination of

said change 1n velocity comprises:

dividing a time to velocity conversion constant by said
previous time between pulses less a total of said current
time between pulses and an error value corresponding

to said tolerance of said pulse generator 1f said vehicle
1s 1n said accelerating state; and

dividing said time to velocity conversion constant by said
previous time less a difference of said current time and
said error value if said vehicle 1s 1n said decelerating
state.

12. A method of calculating vehicle speed comprising:

activating a pulse generator to generate a pulse train
comprising a plurality of distance pulses;

rece1ving said pulse tramn 1n an engine controller;

determining a current vehicle velocity each time a pulse
along said pulse train 1s received 1n said engine con-
troller;

determining an accelerating, decelerating or steady state
of said vehicle according to a tolerance of said pulse
generator by comparing a time including a current time
between said pulses along said pulse train and said
tolerance to a previous time between said pulses along
said pulse train;

determining a first speed by multiplying said current
velocity by a first factor at least equal to a factor
multiplying a previous velocity and averaging said
current velocity with said previous velocity when said
vehicle 1s 1n either said accelerating or decelerating
states,

determining said first speed by multiplying said current
velocity by a second factor less than said factor mul-
tiplying said previous velocity and averaging said cur-
rent velocity with said previous velocity when said
vehicle 1s 1n said steady state;

determining a change 1n velocity when said vehicle 1s in
cither said accelerating or decelerating states;

setting said change 1n velocity equal to zero when said
vehicle 1s 1n said steady state;

setting said vehicle speed equal to said first speed if a
pulse has been received since a last execution of a
speed output task;

determining 1f said vehicle has decelerated since a last
pulse was received by determining 1f a time since said
last pulse was received 1s greater than a previous time
between pulses along said pulse train plus an error
value corresponding to a tolerance of said pulse gen-
erator 1 a pulse has not been received since said last
speed output task execution;

determining an updated deceleration by assuming a pulse
1s received at a present time and dividing a time to
velocity conversion constant by a previous time
between pulses less a difference of a current time
between pulses and said error value 1f said vehicle has
decelerated since said last execution of said speed
output task;

determining said vehicle speed according to said change
in velocity 1f a pulse has not been received since said
last execution of said speed output task and said
updated deceleration 1s less than a given value; and

determining said vehicle speed according to said updated
deceleration if said updated deceleration 1s greater than
said given value.
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13. The method of claim 12 further comprising executing

said speed output task periodically at a fixed output rate.

14. The method of claim 12 wherein:

said vehicle 1s 1n said accelerating state when a current
time between pulses along said pulse train plus said
error value 1s less than a previous time between pulses;

said vehicle 1s 1n said decelerating state when a current
time between pulses less said error value 1s greater than
said previous time between pulses; and

said vehicle 1s 1in said steady state when not 1n said
accelerating state or decelerating state.
15. The method of claim 12 wherein said determination of

said change 1n velocity comprises:

dividing said time to velocity conversion constant by said
previous time between pulses less a total of said current
time between pulses and said error value 1f said vehicle
1s 1n said accelerating state; and

dividing said time to velocity conversion constant by said
previous time less a difference of said current time and
said error if said vehicle 1s 1n said decelerating state.

16. The method of claim 12 wherein said given value 1s

equal to said change 1n velocity plus said error value.

17. The method of claim 12 wherein said determination of

said vehicle speed comprises:

adding said change 1n velocity to a previous vehicle speed
if said updated deceleration 1s less than said given
value; and

adding said updated deceleration to said previous vehicle
speed 11 said updated deceleration 1s greater than said
oiven value.

18. The method of claim 17 wherein said given value 1s

equal to said change 1n velocity plus said error value.

19. A method of calculating a vehicle speed of a vehicle

comprising:

generating a pulse train corresponding to a speed of said
vehicle or a distance traveled by said vehicle;

receiving said pulse train 1n a controller;

executing a speed 1nput task to determine a first speed and
a change 1 velocity of said vehicle each time a pulse
along said pulse train 1s received 1n said controller; and

periodically executing a speed output task to determine
said vehicle speed according to one of a group includ-
ing said first speed, said change 1n velocity, and an
updated deceleration;

wherein said speed output task comprises:

setting said vehicle speed equal to said first speed when
a pulse along said pulse train has been received since
a last execution of said speed output task;

determining said updated deceleration when said
vehicle has decelerated since a last pulse was
received 1f a pulse has not been received since said
last execution of said speed output task;

determining said vehicle speed according to said
change 1n velocity when a pulse has not been
received since said last execution of said speed
output task and said updated deceleration 1s less than
a given value; and

determining said vehicle speed according to said updated
deceleration when said updated deceleration 1s greater
than said given value.

20. The method of claim 19 wherein said vehicle 1is

decelerating 1f a time since a last pulse received 1s greater

65 than a previous time between pulses along said pulse train

plus an error value corresponding to a tolerance of a device
generating said pulse train.
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21. The method of claim 19 wherein said updated decel-
eration 1s calculated by assuming a pulse 1s received at a
present time and dividing a time to velocity conversion
constant by a previous time between pulses less a difference
of a current time between pulses and an error value corre-
sponding to a distance sensor tolerance.

22. The method of claim 19 wherein said given value 1s
equal to said change 1n velocity plus an error value corre-
sponding to a tolerance of a device generating said pulse
frain.

23. The method of claim 19 wherein said determination of
said vehicle speed comprises:

adding said change 1n velocity to a previous vehicle speed
if said updated deceleration 1s less than said given
value; and

adding said updated deceleration to said previous vehicle
speed 1f said updated deceleration 1s greater than said
ogrven value.

24. The method of claim 23 wherein said given value 1s
equal to said change in velocity plus an error value corre-
sponding to said step of generating said pulse train.

25. A system for calculating vehicle speed comprising:

a pulse generator for generating a pulse train comprising
a plurality of pulses; and

a controller for receiving said pulse train, executing a
speed 1nput task for determining a first speed and a
change 1n velocity of a vehicle each time a pulse along
said pulse train 1s received i1n said controller, and
executing a speed output task for determining said
vehicle speed based on one of a group including said
first speed, said change i1n velocity, and an updated
deceleration;

wherein said speed output task comprises:
setting said vehicle speed equal to said first speed 1f a
pulse has been received since a last execution of said
speed output task;
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determining if said vehicle has decelerated since a last
pulse was received by determining 1f a time since a
last pulse received 1s greater than a previous time
between pulses along said pulse train plus an error
value corresponding to a tolerance of said pulse
generator 1f a pulse has not been received since said
last execution of said speed output task;
determining said updated deceleration by assuming a
pulse 1s received at a present time and dividing a time
to velocity conversion constant by a previous time
between pulses less a difference of a current time
between pulses and said error value if said vehicle
has decelerated since said last execution of said
speed output task;
determining said vehicle speed according to said
change in velocity if a pulse has not been received
since said last execution of said speed output task
and said updated deceleration 1s less than a given
value; and
determining said vehicle speed according to said
updated deceleration if said updated deceleration 1s
ogreater than said given value.
26. The system of claim 25 wherein said given value 1s
equal to said change 1n velocity plus said error value.

27. The system of claim 25 wherein said determination of
said vehicle speed comprises:

adding said change 1n velocity to a previous vehicle speed
if said updated deceleration 1s less than said given
value; and

adding said updated deceleration to said previous vehicle
speed 1 said updated deceleration 1s greater than said
oiven value.
28. The system of claim 22 wherein said given value 1s
equal to said change 1n velocity plus said error value.
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